Application No.: 09/409,680 
asserts that both Czekai '331 and f 705 disclose solid particles 
having size and composition similar to that of the present 
invention. Applicants respectfully traverse. 

Distinctions Between the Present Invention and Czekai '331 and 
Czekai ' 705 

Czekai f 331 and Czekai '705 disclose media which are 
different from the media currently claimed. In particular, 
Czekai f 331 and Czekai f 705 fail to disclose or suggest a media 
having a bulk density of 4.0 g/cm 3 or more. In contrast, the 
present claims require that the bulk density of the media be 4.0 
g/cm 3 or more. 

In Czekai '331, polymeric resins are employed as media and 
Czekai '331 describes that the density of the polymeric resins 
can be 0.9 to 3.0 g/cm 3 . In this regard, please refer to column 
2, lines 58-61 of Czekai f 331. This density value is much lower 
than that required by the present claims. Moreover, in the 
working examples of Czekai '331, a polystyrene is used as a 
polymeric resin milling media. The densities of amorphous and 
crystalline polystyrenes are 1.04-1.065 g/cm 3 and 1.12 g/cm 3 , 
respectively. These densities are much lower than the bulk 
density required by the present claims. Czekai '705 also employs 
a media in the working examples which uses polystyrene. As 
support for the densities of amorphous and crystalline 
polystyrenes, Applicants are enclosing herewith an excerpt from 
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"Concise Encyclopedia of Chemical Technology" (cover sheet, 
inside page and page 1115) . 

Applicants further point out that the Vickers hardness of 
polystyrene is about 20 MPa at the most. This value is about one 
five hundredth of the Vickers hardness value for the present 
invention. m particular, Applicants note that the present 
claims require the Vickers hardness to be 10 GPa or more. In 
this regard, Applicants enclose herewith Figure 1 of "Effect of 
y-lrradiation on Hardness of Polymers", Indian Journal of Pure 
Applied Physics, Volume 23, February 1985, pages 103-104, as 
evidence of the Vickers hardness of polystyrene. 

Applicants further submit than when such polystyrene media 
is used in preparation of a dispersion, the dispersion efficiency 
is completely unsatisfactory compared to the method of the 
present invention. Further, a method using such media is inferior 
in productivity due to the fact that it requires batch treatment 
to filtrate and separate the media from the dispersed solution. 
In contrast, according to the present invention, the media is 
separated from the dispersion while conducting dispersion. 

In view of the failure of Czekai '331 and Czekai '705 to 
suggest or disclose the correctly claimed subject matter, 
Applicants submit that there exists no anticipation by either 
reference of the present invention. Moreover, no prima facie case 
of obviousness exists. Even if, arguendo, a pri^a facie case of 
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Application No.: 09/409,680 
patentable over the Czekai '331, Czekai '705, Lobo '332, Scaringe 
'323, canepa '673, Bishop '237 and Inkyo -246 references. 
Accordingly, the Examiner is respectfully requested to withdraw 
all rejections and allow the currently pending claims. 

If the Examiner has any questions or comments, please contact 
Craig A. McRobbie, R eg . No . 42 , 874 , Reg , Nq _ ^ ^ 

Offices of Birch, Stewart, Kolasch & Birch, LLP. 

Pursuant to the provisions of 37 C.F.R. §§ i.i 7 and i. 136(a)f 
the Applicants hereby petition for an extension of three (3)' 
months to December 21, 2000 in which to file a reply to the Office 
Action. The required fee of $890.00 is enclosed herewith. 

If necessary, the Commissioner is hereby authorized in this 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 

required under 37 C F R s i i c 

u.t.K. § 1.16 or under 37 C.F.R. § 1.17; 

particularly, extension of time fees. 

Respectfully submitted, 
BIRCI^T^rt, KOLAS( 
By; 




Marc S. Weiner 



Reg. No. 32,181 
P. 0. Box 747 

f\ Falls Church, VA 22040^747 

MSW/CAM/bsh (703) 205 "8000 

enclosure: Declaration of Masatoshi NAKANISHI 

T^o?oTy COnCi8e EnCyCl ° Pedia ° f Ch -i-l 
BXC A?^rs° m Eff6Ct ° f Y - Irradia tion on Hardness of 
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STYRENE PLASTICS 1115 



K,R Coulter, H. Kehda, and B.F. Hiscock, in E.C. Leonard, ecL, Vinyl 
Monomers , Interacicnce Pubkahera, a division of John Wiley & Sons, Inc., 
New York, 1969. 

STYRENE- BUTADIENE SOLUTION COPOLYMERS. See Elas- 
tomers, synthetic. 

STYRENE PLASTICS 

Polystyrene (PS), the parent of the styrene plastics, is a high molecu- 
lar weight linear polymer, [CH(C^H 5 )CH 2 ] n . The commercially useful 
form is amorphous and highly transparent. Under ambient conditions, 
the polymer is stiff and clear, whereas above the glass- transition temper- 
ature it becomes a viscous liquid which can be easily fabricated. Mono- 
melic styrene is a worldwide commodity chemical. Polystyrene, a prod- 
uct family with as many as 30 members, although not a commodity in 
the same sense, is produced on a very large scale. Butadiene- based 
rubbers increase impact resistance, and copolymerization of styrene with 
acrylonitrile produces heat- resistant and solvent -resistant plastics. 
Packaging applications are the largest use for styrene plastics (see 
Acrylonitrile polymers). 

Properties 

Considerable differences in performance can be achieved by using the 
various styrene plastics. For molecular weights above 5000, many proper- 
ties are independent of chain length. The densities of amorphous and 
crystalline PS are 1.04-1.066 and 1.12 g/cnf , respectively; T m * 240-250; 
refractive index, n b 1.60; and the compressive modulus - 3000 MPa 
(435,000 psi). 

The strain energy, derived from the area under the stress-strain curve 
shown in Figure 1, indicates the toughness of a polymer. High impact 
polystyrene (HIPS) has a higher strain energy than ABS plastics, al- 
though the latter are usually tougher. Tensile strengths of styrene 
polymers vary with temperature. Increased temperature lowers the 
strength. 

The molecular orientation of the polymer in a fabricated specimen can 
significantly alter the stress-strain data, as compared with an isotopic 
specimen. For example, tensile strengths as high as 120 MPa (18,000 psi) 
have been reported for PS films and fibers. Polystyrene tensile strengths 
below 14 MPa (2000 psi) have been obtained in the direction perpendicu- 
lar to the flow. 

Creep tests involve the measurement of deformation as a function of 
time at constant stress. At room temperature, styrene and its copolymers 
show low elongation with only small variation with stress. 

Stress- relaxation measurements, where stress decay is measured as a 
function of time at constant strain, have also been used to predict the 
long-term behavior of styrene- based plastics. 

Fatigue is of considerable interest, and the inherent fatigue resistance 
of the material is tested and the relationship between specimen design 
and fatigue failure is determined. 



50 




F [ 

ISAN 


\ 


1 


( 1 1 


1 E 1 


7000 


40 














woo 


30 




1 ABS> 










WOO 
4000 


20 














3000 

7000 


to 




1 i 


| 


_L 


( !. 1 


1 1 1 


1000 
0 


0 


0 


2 4 


6 


t 


10 12 14 


IB 11 20 a 





dongrtiOA.* 

Figure 1. S trees-strain curves (or styrene- based plastics. 



Polystyrene and styrene copolymers are brittle. Rubber- modified 
styrene polymers are more impact resistant. A brittle fracture of a 
styrene polymer can be brought about by producing uniaxial ly oriented 
moldings. Tough moldings can be obtained through the introduction of 
balanced, multiaxial orientation. Emhrittlement of tough rubber-mod- 
ified styrene polymers occurs through aging. 

Polystyrene and copolymers. Polystyrene, Sf w » 2-3 x 10 5 , is a 
crystal-clear, hard, rigid thermoplastic free of odor and taste. In ad- 
dition, PS materials have excellent thermal and electrical properties. 
When lubricants are added, easy-flow materials are produced. 

Standard polystyrenes are carefully prepared and characterized 
materials available from the National Bureau of Standards and the 
Pressure Chemical Company. Monodisperse polystyrene latices are pro- 
duced by Dow Chemical as calibration for scientific measurements, 

lso tactic polystyrene can be obtained by polymerization with stereo- 
specific catalysts of the Ziegler-Natta type. It can be crystallized and has 
a threefold helix-chain conformation. 

Crystalline polystyrene has a high melting temperature indicating a 
first-order transition temperature of ca 240°C. It is insoluble in most 
polystyrene solvents. The density of the 1005E crystalline polymer is 
calculated to be 1.12 g/cm 3 from x-ray data. Although highly Uo tactic 
polystyrene has been prepared, only partially crystalline polymers have 
been obtained and generally with leas than Wrfc relative crystallinity. 
The lack of commercial interest in lso tactic polystyrene may result in 
part from its low degree of crystallinity and its alow crystallization rate. 
Syndiotactic polystyrene is unknown. 

Polymers containing flame retardants (qv) have been developed. The 
addition of flame retardants does not make a polymer n on combustible, 
but increases its resistance to ignition and reduces the rate of burning 
with minor fire sources. 

Antistatic polystyrenes have been developed. For styrene- based poly- 
mers, alkyl and/or aryl amines, amides, quaternary ammonium com- 
pounds (qv), anionics, etc, are used. 

Acrylonitrile, butadiene, a-methyktyreue, methyl roethacrylate, and 
maleic anhydride have been copolymerized with styrene to yield com- 
mercially significant copolymers. 

Butadiene copolymers are rubbers. Many latex paints are based on 
styrene- butadiene. Most block copolymers prepared in the presence of 
anionic catalysts, eg, butyllithium, are elastomers; some are thermoplas- 
tic rubbers. 

Methyl methacrylate copolymers with styrene are clear materials 
which, when properly stabilized, are similar in their light stability to 
poly (methyl methacrylate). Maleic anhydride copolymers with styrene 
tend to have alternating structures. Accordingly, equimolar copolymers 
are normally produced, corresponding to 46 wt% maleic anhydride. 

Some polymers from styrene derivatives meet specific market de- 
mands. For example, monomelic chlorostyrene is useful in glass-rein- 
forced polyester recipes. 

Rubber is incorporated into polystyrene to impart toughness. The 
resulting materials are called high impact polystyrenes (HIPS). The 
rubber is dispersed in the polystyrene matrix in the form of discrete 
particles. 

Acrylonitrile-butadiene-styrwie (ABS) polymers are also two- phase 
systems in which the elastomer component is dispersed in the rigid 
styrene- acrylonitrile (SAN) copolymer matrix. They are rigid at room 
temperature, and have excellent notched impact strength. This combina- 
tion makes ABS polymers suitable for demanding applications. Several 
ABS polymers exhibit a minimum tendency to orient or develop mechan- 
ical anisotropy during molding. Accordingly, uniform tough moldings are 
obtained. In addition, ABS polymers exhibit good ease of fabrication and 
produce moldings and extrusions with excellent gloss, which can be 
decorated by many techniques. Some of the high rubber compositions 
are excellent impact modifiers for poly(vinyl chloride) (PVQ. 

Class-reinforced styrene polymers. Glass reinforcement of PS and 
SAN markedly improves their mechanical properties; strength, stiffness, 
and fracture toughness are generally at least doubled. Creep and relaxa- 
tion rates are significantly reduced and creep rupture times are in- 
creased. The coefficient of thermal expansion is reduced by more than 
one half, and response to temperature changes is minimized. Glass-rein- 
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Effect or y-Irradiation on 
Hardness of Polymers 

M H AN SAftJ, R PANDCY. P PAKASHAft A 3 C DAT I 
^jnrtniLiu orPoHgrittoitf Studiei A *«ttarefa is Pay™, iUai 
Doffivta VifliwavldyaJftyt, JsbtJpur 432 001 
ft raw J May rr*W mrta* j J Mar A (9*4 

Po^yracand potyprg pyh oc tpecimau were If ndutfod wife 
i^>i»lwndo«f rtu|ln t frttD HJMrsd. VidCftihtrtJammwrtw 
WJ ha« been aJcolated for pare ajrf imdbltf ipootratna. It hit 
«wfowd taat fr\ mouse* with rtrfmtioB dow up lo 1 0 Mr** mM 
Jto»«H»ilmwtcw lU|lL The iiKTMscin ^ for polj*yrrai* atom 
2S% wteftas it H only 115% for r^opyknT^^ 
fT^T* ^ * 3 orpolypropytenc The variation tf 

wd Cfy»l*m«ity of polymers. 5 

The scope of application of polymer* has increased 
considerably d ue to ft rapid progress in the nuclear and 
space sciences and technology. Polymers are, therefore, 
required to act satisfactorily under various levels of 
high energy radiation. It is well known that the 
mechanical properties of polymers undergo both 
transient and permanent changes in a radiation 
new . Amongst (he mechanical properties, although 
a great deal of work has been reported on the variation 
of tensile strength with radiation, not much detailed 
in/ormanon is available with regard to the radiation 
effect on the hardness of polymers. Therefore, It is 
worthwhile to carry out a study of hardne* of V- 
undiiM porymerie samples. This note reports the 
effect oiy-irrmdiation on hardness of polystyrene and 
polypropylene. 

Sample of po/ystyrene (styron 655) used lor the 
present study was obtained from M/s Dow Chemical 
Co. USA. The polymer was dissolved in purified 
> benzene and the solution was filtered, Film? of 
polyjtyrcne (PS) of about 0.3 mm thickness were 
Obtained by pouring the solution on a cleaned optically 
plane glass pl«cc floating on mercury. Aflcr the solvent 
evaporated, the film was gently lifted off the glass pfete 
The films were then anneaJed in air at 70T for 5 hr and 
were subjected to room temperature oulgassing at 

<L IT" n f ° r 24 , )!- Frr ^'wpylenc tPPl 
commeroany avajlable films of about 0.5 mm 
lhicfcne« , were u*ed. The specimen* were irradiated 
wtib v-mdiaiion of doses ranging from 1*15 M rad by 
using coball-69 Irradiator at the Bhabha Atomic 
Research Centre (BARC) Bombay. The indentations 
werecamed out by mhp 160 microhardncw Lester with 
ii V,c-kcr* UiHrnomi pyramid indenter wiih^juarc base 



and 136° pyramid angle, attached to Carl-Zew NU2 
universal research microscope. The load was varied 
fromSlo 150g.Thediametersofthe indentations were 
atoiaurcd using a micrometer eyepiece. Tfie Vickers 
hardness number (// tf )w*a calculated from the relation; 

H r -1.854£/rf* (kg/mm 4 ) 

where L is load in kg and d the diameter of indentation 
in mm. For each test, the duration of the indentation 
was kept 30s. For the same, load, at least JO 
indentations were made at different points of the 
sample and average hardness number was computed. 
During the indentation the samples were kept strictly 
horizontal and rigid. 

Fig, l shows the variation or Vickers hardness 
number with load for pure and irradiated specimens It 
is evident that the variation of H v is more for small 
stresses and then it becomes almost constant after 50 g. 
For small stresses, the deformation may be elastic and 
the material recovers on removal of the stress resulting 
m a rapid change in H F 

Figs 2 and 3 show the variation of H u with radiation 
doses at a constant load of 50 g for PP and PS, 
respectively! It is evident that for a constant load, H v 
increases with radiation up to a dose of 10 M rad and 
then becomes constant. Interaction between the 
polymer and the Held results in the deposition of energy 
within the specimen. This may produce extensive 
physico-chemical changes in crosslinking, molecular 
weight, and crysullinity. etc. Due lo this, the physical 
proerties may also exhibit changes. Crosslinking of 
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polymer under the action of. ionizing radiation is 
known as radiation crou&nking 7 . Increase in 
crosslinking density restricts the mobility of the 
molecular chain. With the increase in the dose of 
irradiation, the crosslink density also increases but it 
beco mes constant at a certain dose, after which 
molecular chains become rigid and H v becomes almost 
constant. In the present case, this is found to occur at 
the radiation dose of 10 M rad. 

It is evident from Fig. 2 that for PP, there is a 
decrease in hardness number up to a dose of 3 Mrad, 
whereas the hardness number increases continuously 
for higher doses and is about 125% for a dose of 
10 Mrad. Abo, after this dose the specimen becomes 
brittle. The decrease in hardness constant may be 
explained by assuming that scission of molecules of PP 
is greater than crosslinking, for small doses of 
radiation. The scission of molecular chains reduces the 
average molecular weight of the polymers and thus the 
binding forces such as intermolecular forces, van dcr 
Waafe forces, etc get reduced. As a result of this, on 
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Fig- 3— Viriilion of tf, wfih y-irradiatfon for polystyrene 

indentation with the same load, the slipping of the 
molecular chains increases and the deformation 
produced also increases. Consequently, the harndess 
number, H 9 of the polymer decreases. In the case of PS 
(Fig. 3i the hardness number increases with irradiation 
dose by about 25 % Thus in the case of PP and PS, the 
hardness increases with radiation dose. However, there 
is a decrease in hardness Tor small doses. 

The authors are grateful to the Chemistry Division, 
BARC Bombay, for providing y-ircadiation facilities. 
Two of the authors <RP and PP) arc thankful to the 
University Grants Commission, New Delhi, Tor the 
award of junior research fellowships. 
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